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in excess of those estimated in the present report. These include risks to
populations exposed to high background levels of radiation, diagnostic x
rays, and fallout from nuclear weapons testing or nuclear accidents, and to
individuals with occupationally derived exposures. Some of these studies
are discussed in more detail subsequently. Although such studies do not
provide sufficient statistical precision to contribute to the risk estimation
procedure per se, they do raise legitimate questions about the validity of
the currently accepted estimates.

The discrepancies between estimates based on high-dose studies and
observations made in some low-dose studies could, as indicated above,
arise from problems of extrapolation. An alternative explanation could be
inappropriate design, analysis, or interpretation of results of some low-dose
studies. This section discusses the particular methodologic problems which
can arise in such studies, and the section on low-dose studies in Chapter
7 summarizes a number of these studies and assesses their results, taking
into account the methodological limitations discussed here.

The problem of random error caused by sampling variability is rela-
tively more important for low-dose than for high-dose studies. (Sampling
variation means the range of results to be expected by exact replication of
the study, if this were possible; its major determinant is sample size and
its distribution across exposure and disease categories.) Tb understand why
this is so, suppose that two studies were conducted, one in a population
exposed to 1 Gy and one in a population exposed to 0.01 Gy, in which
similar sample sizes and designs were used, and suppose that the resulting
standard errors on the log relative risk were the same. Thus, suppose
the relative risk in the high-dose population was 11 with 95% confidence
intervals of 5.5 and 22 and the relative risk in the low-dose population was
1.1 with confidence intervals of 0.55 and 2.2. The point estimates on the
relative risk coefficient from the two studies would be identical at 10/Gy,
but the confidence intervals on the high-dose estimate are 4.5 and 21 and
on the low dose estimate are -4.5 and 12.0. This comparison emphasizes
the importance of considering sampling variability in assessing the results
of low-dose studies. In fact, the problem of sampling variation is even
more serious than this simple example would indicate. The standard error
of the relative risk in a simple 2x2 table of exposure by disease status is
determined primarily by the size of the smallest cell in the table, which is
usually the number of exposed cases. In most studies of low-dose effects,
this cell may be quite small, so the resulting standard error is larger than
that for high-dose studies, even if the overall sample sizes were the same.

In general, systematic biases are also relatively more important for the
objectives of low-dose studies than they are for those of high-dose studies.
Because of the existence of more and larger populations exposed to low
doses, low-dose studies are often ecological (correlational) or case-control